Abstract Purpose: To assess if the uterine cavity depth measured by a blind pre-cycle mock transfer changes after gonadotropin stimulation.
Introduction
There are many factors that determine a successful outcome during an in vitro fertilization (IVF) cycle. A successful embryo transfer is the final step of the IVF process. To ensure proper placement of the embryos, many providers perform a transabdominal ultrasound-guided embryo transfer (UG-ET). The UG-ET technique has been the focus in many clinical trials and two large meta-analyses [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .
The technique of UG-ET was first described by Strickler et al. and Leong et al. and has been met with great advances in ultrasound technology and greatly expanded clinical experience [12, 13] . The use of ultrasound to place the embryos in the uterine cavity has been shown to improve pregnancy outcome in multiple studies [1] [2] [3] [4] . Two recent meta-analyses have confirmed the improvement in pregnancy success with UG-ET [5, 6] .
Often providers will perform a pre-cycle mock transfer and uterine cavity measurement to document the depth of the uterus, the path of the cervical canal, and the degree of difficulty in entering the uterine cavity. The depth of the uterus with the pre-cycle mock transfer can then be used as a template for the depth of the planned embryo transfer. According to provider preference, embryos are generally placed 1-2 cm from the uterine fundus. The depth of embryo placement has been shown to influence IVF pregnancy success [7] [8] [9] [10] .
The published clinical trials on UG-ET have shown conflicting results. In the eight prospective clinical trials reviewed by Buckett et al. and Sallam et al. five showed a benefit of UG-ET and only three of these studies were deemed by the reviewing authors as properly randomized [5, 6] . Most recently, Shamonki et al. presented the results of a small prospective study suggesting that a benefit does exist with UG-ET [11] . This trial concluded that even in highly experienced clinical hands UG-ET provided a major benefit over the traditional blind transfer.
The conflicting results found in our literature review prompted us to examine the uterine depth measured at the time of UG-ET compared to the anticipated transfer depth determined by the blind pre-cycle mock transfer. We hypothesized that using the blind pre-cycle mock transfer uterine depth was an inaccurate measurement of actual uterine depth at the time of embryo transfer. We planned a retrospective study to assess if the pre-cycle mock transfer measurement of uterine depth changed after gonadotropin stimulation and to evaluate the parameters that were associated with any change in uterine depth.
Materials and methods

Population
The patient population consisted of 128 couples undergoing 128 fresh autologous IVF cycles. All infertile women undergoing IVF were eligible to participate in the study. Inclusion criteria included normal basal FSH concentration per our laboratory (≤12 mIU/mL), documented measurement of the blind pre-cycle mock transfer uterine depth, and transabdominal ultrasound documented uterine depth at the time of the embryo transfer. Patients were included independent of their diagnoses or reproductive history. Exclusion criteria included patients >42 years and patients without a documented cavity depth for both the pre-cycle mock transfer and UG-ET. To document uterine cavity depth, degree of transfer difficulty, and anticipated embryo transfer depth, the patients received a blind pre-cycle mock transfer using a Wallace trial transfer catheter (Cooper Surgical, Shelton, CT) while on oral contraceptive pills (OCs) in the month prior to undergoing gonadotropin stimulation. The mock embryo transfer was preformed as a blind technique with the depth of the uterine cavity determined by clinical touch not by ultrasound visualization. The trial transfer catheter was placed through the cervix until the tip was perceived to touch the uterine fundus. This depth was measured with the anticipated embryo transfer to occur at a depth 1.5 cm short of the fundus. All embryo transfers were performed with ultrasound guidance using a 5 MHz transducer (Aloka SSD-3500, Aloka, Wallingford, CT). The depth of the embryo transfer and the uterine depth were recorded. All patients had a full bladder prior to both the mock transfer and the embryo transfer. All mock transfers and embryo transfers were performed by the senior author (JLF).
All patients started OCs (30 µg ethinyl estradiol, 0.15 mg norgestrel) the evening of menstrual day 3. The patients continued the OCs for 21 days prior to pituitary suppression with GnRH agonist (500 µg) (GnRH-a, Luprolide acetate, Lupron; TAP Pharmaceuticals, North Chicago, IL, USA). There was a seven day overlap between the OCs and the GnRH-a. After 14 days of GnRH-a (500 µg), the dose was decreased to 250 µg and stimulation with exogenous gonadotropins was initiated 5 days later. When the largest cohort of follicles reached the 16 mm to 18 mm range, a single 10,000 IU intramuscular dose of hCG was administered. Transvaginal follicular aspiration was performed approximately 35 hr after hCG administration. Using a Wallace transfer catheter (Cooper Surgical, Shelton, CT), embryos were transferred 1.5 cm from the uterine cavity apex under transabdominal ultrasound guidance 72-120 hr after follicular aspiration.
Outcome measures
The primary outcome measure was the change in uterine depth from the blind mock embryo transfer to the UG-ET. Secondary outcome measures were age, BMI, day 3 hormone levels (FSH, LH, estradiol), IVF stimulation parameters (antral follicles, ovarian volume, peak estradiol on day of hCG administration, number of follicles, number of oocytes, number of embryos, number of ampules of gonadotropins used, and days of stimulation) and pregnancy outcomes (implantation rate, pregnancy rate, miscarriage rate, and live birth rate).
Pregnancies and the accompanying rates were defined as follows. Initial pregnancy was documented by a rising serum β-hCG concentration on luteal days 14 and 16. Biochemical pregnancies were defined as having a positive pregnancy test on luteal day 14 with a rising titer confirmed by a second β-hCG concentration but with loss of the pregnancy prior to sonographic evidence of the pregnancy. Spontaneous pregnancy loss was defined as a pregnancy loss following sonographic visualization of an intrauterine gestational sac at five to six weeks of gestation. Live birth rate was defined as those pregnancies proceeding to deliver a live infant. Implantation rate was calculated by dividing the number of gestational sacs visualized on transvaginal ultrasound at five to six weeks gestation by the number of embryos transferred.
Statistical analysis
Approximately 130 patients were required to detect a 20% difference in uterine cavity depth with a power of 0.8 and an
Springer α-error of 0.05. A Wilcoxon Signed Rank test was used to compare uterine cavity depth and other outcome variables not normally distributed in the same patient. A Mann-Whitney Rank Sum test was used to compare uterine cavity depth and other outcome variables not normally distributed between two different groups. For normally distributed data, a paired t-test was used to compare uterine depth measurements in the same patient. A t-test was used to compare normally distributed data between two different groups.
The amount of uterine cavity depth change was evaluated for each patient. Success rates (implantation rates, pregnancy rates, pregnancy loss rates, and live birth rates) were calculated for each 0.5 cm uterine depth change from 0.0 cm to 3.0 cm. The success rates above and below each 0.5 cm increment change in uterine depth were evaluated to determine if there were any obvious break points at which there was a significant change in success rates. Contingency table analysis and receiver-operator characteristic (ROC) curves were then used to evaluate the outcome rates above and below the selected threshold value. Differences in outcome rates were analyzed using a Chi-square or two-tailed Fisher exact test where appropriate.
Univariate analysis included regression and correlation coefficients examining the association of endometrial depth measurements with parameters of ovarian reserve and response. An alpha error of 0.05 was considered significant for all comparisons. Relative risk and 95% confidence intervals are displayed where appropriate. All data are reported as means with their associated standard deviations.
Results
A total of 128 IVF cycles were analyzed. The patient demographics, pre-stimulation and stimulation parameters are depicted in Table 1 . Of the 128 patients, 70 (54.7%) became pregnant, 11 (15.7%) had a pregnancy loss, and 59 (46.1%) had a live birth. The implantation rate for the patient population was 28.9%. When subdividing the patients into those who conceived (n = 70) and those who did not conceive (n = 58), there were expected significant differences between these two groups with regard to age, peak estradiol level on day of hCG administration, number of follicles, number of oocytes obtained, total number of embryos, ampules of gonadotropins used, and number of days of stimulation (Table 1) . However, there was no difference in the blind pre-cycle mock transfer uterine cavity depth or the UG-ET uterine cavity depth when comparing the pregnant to the non-pregnant patients ( Table 1) .
The percent of patients experiencing a change in uterine cavity depth is depicted in Fig. 1 . Only one patient had a measured decrease in uterine depth (−0.5 cm), while 14.8% experienced no changed in uterine depth. One patient had a 3 cm increase in measured uterine depth and 57.9% of the patients had a ≥1 cm increase in uterine depth (Fig. 1) .
The mean blind pre-cycle mock embryo transfer uterine depth measurement was 7.6 ± 0.7 cm ( Table 1 ). The mean UG-ET uterine depth was 8.4 ± 0.7 cm. The mean change in uterine cavity depth measurement for the patient population was 0.94 ± 0.7. Using a Wilcoxon Signed Rank test, the difference in uterine depth was significant (p < 0.001). Based on the blind pre-cycle mock transfer uterine depth, the anticipated embryo transfer depth (6.1 ± 0.7) was significantly different than the actual ultrasound-guided embryo transfer depth (6.9 ± 0.7 cm) (p < 0.001).
When evaluating pregnancy outcomes (implantation rate (IR), pregnancy rate (PR), miscarriage rate (SAB), and live birth rate (LBR)), there was no significant difference in the pre-cycle blind mock transfer uterine depth (IR: p = 0. Figure 2 depicts the success rates for the various changes in uterine depth. There was no significant difference in success rates based on amount of uterine cavity depth change. While the success rates for the >2 cm incremental change group appear lower, this group was represented by only 5 patients and therefore grossly underpowered to show a significant difference. Contigency table analysis evaluating uterine depth change at intervals of 0.5 cm did not find a significant threshold value at any uterine depth increment change for any of the IVF outcomes.
When evaluating the change from blind pre-cycle mock transfer uterine depth to the UG-ET uterine depth, univariate analysis did not reveal a significant correlation with any of the IVF pre-stimulation or stimulation parameters (age, BMI, day 3 hormone levels (FSH, LH, estradiol), antral follicles, ovarian volume, peak estradiol, follicles, oocytes, embryos, number of ampules of gonadotropins used, and days of stimulation) (data not shown).
Discussion
Our study suggests that the depth of the uterine cavity increased during IVF stimulation by an average of almost 1 cm (0.94 ± 0.7 cm). If the blind embryo transfer technique is used based on a pre-cycle blind mock transfer, these data suggest that the embryo transfer is unlikely to occur at the planned uterine cavity depth. These findings are significant since the depth of embryo placement has been shown to influence IVF pregnancy success [7] [8] [9] [10] . Our results agree with the three recent studies which suggested that a discrepancy may exist between the pre-cycle and the in-cycle uterine depth [10, 11, 14] . Knowledge of the uterine cavity depth is crucial at the time of embryo transfer. If the pre-cycle measured uterine cavity depth is not accurate and not realized at the time of embryo transfer, the success of the IVF cycle can be jeopardized. Not all providers use a transabdominal ultrasound to guide the embryo transfer. Some providers use the precycle uterine cavity measurement to determine the depth of embryo placement and perform a blind (clinical touch) embryo transfer. Furthermore, in obese patients and patients with a retroverted uterus, it may be difficult to adequately visualize the uterus and embryo placement with a transabdominal ultrasound at the time of embryo transfer. In these cases, the pre-cycle uterine cavity measurement is used to Fig. 1 Histogram depicting the percent of the patient population experiencing each 0.5 cm change in measured uterine cavity depth. The change in uterine cavity depth is defined as the change in the measured depth from the blind pre-cycle mock transfer to the ultrasound guided embryo transfer determine depth of embryo placement. Additionally, a recent study looked at the consistency in uterine position between the mock and the real embryo transfer and found that a retroverted uterus at the time of a mock transfer will often change position at the real transfer [15] .
Our data suggest that without the use of UG-ET, the embryos will be transferred on average 1 cm lower in the uterine cavity than anticipated. Buckett et al. concluded that the main disadvantage of UG-ET stems from the additional time and personnel required for this type of embryo transfer [5] . It has been postulated by recent investigators that the benefit of UG-ET is derived from its ability to minimize several important factors [1] [2] [3] [4] [5] [6] [7] [8] . These factors include the improper Fig. 2 Outcome rates (implantation, pregnancy, loss, and live birth) for the patient population subdivided into 1.0 cm incremental uterine cavity depth changes. The change in uterine cavity depth is defined as the change in the measured depth from the blind pre-cycle mock transfer to the ultrasound guided embryo transfer Springer placement of embryos within the uterine cavity, placement of embryos completely outside the uterine cavity, or indentation of the endometrium [9, 16, 17] . Others have suggested that difficult transfers leading to more pronounced cervical trauma, endometrial trauma, or bleeding are potential variables [1] [2] [3] [4] [5] .
Although we did not find a significant correlation between estradiol levels and uterine depth change, hormonal stimulation to the uterus has been shown to produce a change the uterine depth [18] . In addition, the mock transfer was performed after 21 days of pituitary suppression. Pituitary suppression may decrease uterine cavity depth by decreasing uterine size. Another possible reason for the inaccuracy of the measurement is that the pre-cycle mock transfer was performed as a blind (clinical touch) technique. The blind technique has been shown to be less accurate than the ultrasound guided technique [11] .
Since transfer depth in relationship to the uterine fundus is an important factor during an embryo transfer, transferring embryos under direct ultrasound guidance allows a more accurate transfer at the desired uterine depth. Only one patient experienced a decrease in uterine cavity depth with gonadotropin stimulation. This highlights the fact that when using the blind pre-cycle mock transfer uterine depth measurement to determine embryo transfer depth the embryo transfer catheter is unlikely to contact the uterine fundus and embryos are more likely to be placed lower in the uterine cavity than planned.
Although there were numerous significant differences between the pregnant and non-pregnant patients, these data do not reflect a change in success rates based on incremental uterine depth change (Table 1) . However, all embryo transfers were performed under ultrasound guidance. This change in uterine depth may be a factor in the decreased pregnancy and implantation rates seen when UG-ET is compared to the clinical touch method [1] [2] [3] [4] [5] [6] .
Possible weaknesses of this study include its retrospective nature. However, these data were derived from a prospective database. Therefore, there was no chart review and no patients were lost to follow-up. This decreases the possibility of selection and information biases. The use of contingency table analysis and ROC curves to seek significant threshold values so as not to use arbitrary cut-off points was a major strength of the study. Likewise, all stimulation cycles, ultrasounds, oocyte retrievals, and embryo transfers were performed by the senior author (JLF).
Conclusion
In summary, these data demonstrate a significant change in uterine cavity depth measurements from the blind precycle mock transfer to the UG-ET. The exact etiology for the change in uterine depth is uncertain. The blind precycle mock transfer may still be useful for assessing the possibility of a difficult embryo transfer. However, based on these data, the utility for determining embryo transfer uterine depth with the blind pre-cycle mock transfer is questionable. More research is needed to ascertain the utility of a pre-cycle ultrasound-guided mock transfer in determining the ultimate uterine depth for the embryo transfer.
